at higher growth rates than in the wealthy countries 5, 6 .
The epidemic's impact on national economies and individual health makes the study of the causes of obesity crucially important, in order to take measures to orient its control, prevention, and treatment 7 .
However, studies on obesity in the first two decades of life are relatively recent as compared to those on obesity in adulthood. Two aspects should be highlighted when considering the theme's importance in children and adolescents: (1) the association between overweight and obesity and mortality and morbidity and (2) the increase in the world prevalence in this younger age bracket.
Various studies have dealt with the increase in prevalence of childhood and adolescent obesity in recent decades 8, 9 , highlighting the importance of its increasingly early prevention. However, few studies have focused on the association between childhood and adolescent obesity and adult mortality. Based on the above, the aim of this article was to identify and analyze studies on the relationship between obesity in childhood and adolescence and mortality in adulthood.
Method
A systematic review was performed in the electronic database of the National Library of Medicine (MEDLINE) with the objective of identifying and analyzing studies on the theme "association between obesity in childhood and adolescence and mortality in adulthood". The uniterms used were: obesity, mortality, child, and adolescent, all according to Medical Subject Headings (MeSH). Searches were also conducted using only the terms obesity and mortality, as well as overweight and mortality. The electronic article search used the following limits: studies with humans, published from January 1, 1990 , to March 1, 2007 , and involving individuals from 2 to 18 years of age. The initial search yielded 718 articles.
The following eligibility criterion was defined: cohort studies plus the requirement that the article present a comparison of mortality data between exposed (obesity) and unexposed individuals (without obesity). Studies were excluded that approached the association between mortality and variables related to the fetal period, as were studies that verified mortality in age brackets other than those proposed in the current article.
The bibliographic references in the selected articles were also analyzed. Thus, articles considered relevant were selected for analysis, even if they had not been located in the electronic search. Only eight studies were finally identified that met the eligibility criteria.
Evaluation of the articles' quality was based on the method proposed by Downs & Black 10 . The authors developed a questionnaire with 27 questions divided into four groups: presentation (related to issues like clarity in the description of objectives, confounding variables, probability values), external validity (related to data extrapolation to the population where the sample was drawn), internal validity (analysis of biases, like reliability of the exposure and outcome measures, use of confounders), and study power (whether the study had sufficient power to detect an important clinical effect). Since this method has specific questions on randomized clinical trials, the current study used an adapted version presented by Monteiro & Victora 11 . In this version, four questions were removed (numbers 8, 13, 23, and 24), thereby allowing analyses of non-randomized studies, which includes cohort studies.
The 23 questions are on objective aspects that (according to the authors) relate to the study quality. The article either does or does not deal with what is asked in the question. The nature of the evaluation is thus objective. For each question, one applies a score of zero (0) if the article does not deal with what the question asks and one (1) if it successfully deals with it. For question 5 only, the score can reach two (2) . Each article can obtain a maximum score of 24.
Results
As shown in Table 1 , for the period studied, only eight articles were identified that covered cohort studies on the relationship between childhood and adolescent obesity and adult mortality. Of these, four were relatively recent, having been published in the last five years.
All eight articles used the anthropometric variables weight and stature to determine exposure (obesity), and only one article 12 did not use body mass index (BMI). In two articles, participants' age was 18 years, and exposure was determined on the basis of reported weight and stature 13, 14 . Three studies analyzed individuals from 13 to 18 years of age 15, 16, 17 and the other three ranged from 2 to 14 years 18 , 5 to 18 years 12 , and 2 to 18 years 19 .
Criteria for determining overweight and obesity differed among the studies. Yarnell et al. 14 used BMI distribution by quintiles, in which the last quintile was used to define exposure. Van Dam et al. 13 used the international reference for 17 also used the 75 th BMI percentile by gender and age as the cutoff for exposure, but their reference population was that of the National Health and Nutrition Examination Survey (NHANES I) 22 . Nieto et al. 12 used that last weight-for-stature quintile by 16 Gunnell et al. 18 Norway gender and age, with their own study population as the reference. Lawlor et al. 19 used the cutoff points proposed by Cole et al. 23 by gender and age for overweight and obesity. For individuals 18 years or older, the reference used was 25kg/m 2 and 30kg/m 2 .
There was less heterogeneity in relation to outcome. All the studies verified all-cause (total) mortality, except for Lawlor et al. 19 , who focused only on deaths from ischemic heart disease and stroke. Gunnell et al. 18 also determined causes of death from cardiovascular disease and Must et al. 17 from coronary heart disease.
The quality score varied from 9 in Must et al. 17 to 17 for the studies by Engeland et al. 15 and Nieto et al. 12 . Questions on sample representativeness had the most zero (0) scores among the studies, along with the question on study power. This question reflects whether the study is capable of identifying differences between the groups with 95% certainty. Only the studies by Van Dam et al. 13 and Engeland et al. 15, 16 had scores of 1 on this question. Engeland et al. 15, 16 , Gunnel et al. 18 , and Must et al. 17 found that the risk of death in adulthood was 30, 40, 50, and 190% greater, respectively, for boys who were more exposed to overweight and obesity during childhood and adolescence as compared to unexposed boys. Importantly, Must et al. 17 used a small sample, which may have influenced the risk values. This risk is already higher when using the 75 th percentile as the cutoff, lower than the cutoffs normally used in population surveys (i.e., 85 th percentile for overweight 21, 22 ). Yarnell et al. 14 and Nieto et al. 12 did not find a higher probability of death when they compared boys exposed (versus not exposed) to excess weight in childhood and adolescence. However, Yarnell et al. 14 , obtained the anthropometric measurements at 18 years of age through self-reported information from the interviewees, meaning that the in- dividuals had to recall a period that occurred 27 to 41 years previously. Meanwhile, Nieto et al. 12 did not use either BMI as the exposure measurement or cutoff points taken from other populations. In women, Must et al. 17 and Gunnell et al. 18 did not find an increased risk of adult mortality for girls exposed to excess weight in adolescence. However, Engeland et al. 15, 16 found a 30 to 40% increase in risk of death for girls with BMI in the 85 th percentile or greater, and an increase of 100% for those with BMI greater than or equal to the 95 th percentile. Van Dam et al. 13 also found a 30 to 40% increase in risk of death for women who had a BMI of 25 to 35kg/m 2 at 18 years of age, and 120% for women with BMI greater than 35 at 18 years.
Meanwhile, Lawlor et al. 19 found no increased risk of adult mortality when they compared individuals with overweight or obesity (according to Cole et al. 23 ) to those with normal BMI.
In relation to confounders, only Engeland et al. 15 failed to use adjustments to verify the association between childhood and adolescent obe-sity and adult mortality. Engeland et al. 16 , Must et al. 17 , and Van Dam et al. 13 adjusted for BMI in adulthood. Of these last three, only Engeland et al. 16 found that after adjusting for BMI in adulthood, there was no excess mortality in men. In women, the association between overweight and obesity and mortality was not modified by the inclusion of BMI in adulthood in the study by Van Dam et al. 13 .
Discussion
The studies analyzed here can be considered heterogeneous in relation to the criterion adopted for defining exposure, ages for measuring exposure, and outcome and control for confounders. Homogeneity can be observed in the definition of outcome, i.e., the individual's death. The studies that verified cause of death used the International Classification of Diseases as the reference.
As for the sample, all the studies were derived from epidemiological studies that conducted sample designs to ensure that the population was representative, except for the second cohort in Lawlor et al. 19 , whose sample was selected intentionally. Nevertheless, as discussed previously, the questions on the study's representativeness and power were the ones with the most negative scores, which in a sense places doubt on these samples' representativeness. As for losses, only Gunnell et al. 18 failed to report the number of losses from the initial sample. However, the authors made comparisons of anthropometric and socioeconomic variables with the original cohort and did not find statistically significant differences.
The follow-up period was greater than 50 years for Must et al. 17 , Gunnell et al. 18 , Nieto et al. 12 , and Lawlor et al. 19 . Meanwhile, in the studies by Engeland et al. 15, 16 , the follow-up was approximately 30 years. Yarnell et al. 14 and Van Dam et al. 13 followed their samples for some 15 years. Follow-up period is an important variable for analyzing the quality of these studies, since it increases the likelihood that deaths will occur. However, each cohort cited above began over the course of several years, collecting data from individuals with different ages, meaning that the follow-up periods were expressed as averages. Thus, the individuals in each study did not all have the same follow-up period.
As for diagnosis of childhood and adolescent obesity using BMI, some questions need to be analyzed. Except for the two articles by Engeland et al. 15, 16 , the studies all used different reference populations for defining their cutoff points. For the cutoff to determine exposure, two studies used the 75 th percentile 17, 18 and another two the last quintile 12, 14 , with each of the remaining studies using a different criterion.
Since 1995, WHO has recommended establishing an international criterion for diagnosing overweight and obesity 24 . In 2000, Cole et al. 23 , based on BMI distribution curves for six countries, proposed cutoff points for determining overweight and obesity that could be used as an international reference. The idea of adopting this international reference was to allow comparisons of prevalence rates between different countries.
These authors further proposed determining the cutoff point based on an epidemiological criterion, with BMI for overweight and obesity at 18 years of age. Recently, Conde & Monteiro 25 , using a similar methodology, also determined cutoff points for overweight and obesity in Brazilian children and adolescents. The use of epidemiological cutoff points, based on outcomes in adulthood as the criteria, allows greater evidence in relation to determination of risk, as compared to probabilistic criteria (in which the cutoff point is defined according to the variable's distribution in the population) 23, 25 .
However, even the international reference proposed by Cole et al. 23 has been criticized. Despite its sensitivity in diagnosing risk factors for cardiac diseases in American children and adolescents 26 , its sensitivity for determining overweight and obesity in children from Switzerland 27 and Sri Lanka and Australia 28 has been low, thus highlighting the fact that this reference is not sensitive for diagnosing obesity in different countries. Socioeconomic, cultural, ethnic, and maturational factors determine the BMI distribution curve and can influence the cutoff point adopted for overweight and obesity.
The age at which exposure was measured also varied greatly in the eight studies. One cross-sectional study found no influence from age at onset of obesity (≤ 8 years, 12-17 years, and ≥ 18 years) on morbidity data in adulthood 29 . Even the study by Lawlor et al. 19 found no differences in the association between BMI and mortality when analyses were performed in different age groups. Still, onset of puberty is considered a critical period for the development of obesity 30, 31, 32 , increased insulin resistance 33, 34 , and increase in central adiposity 35 . Such variables are recognized as important risk factors for cardiac diseases 36 .
The use of confounding variables was quite heterogeneous among the studies. Van Dam et al. 13 , Engeland et al. 16 , Must et al. 17 , Yarnnell et al. 14 , Nieto et al. 12 , and the third cohort study by Lawlor et al. 19 performed adjustments for smoking. As for physical activity, only Van Dam et al. 13 adjusted for this variable. Gunnell et al. 18 , Yarn-nell et al. 14 , Nieto et al. 12 , and Lawlor et al. 19 adjusted for socioeconomic variables. Only Van Dam et al. 13 adjusted for stable weight maintenance.
For the adult population, the literature has demonstrated the independence and importance of physical inactivity as a strong predictor of mortality 37, 38 . In children and adolescents, physical inactivity has also been observed as an independent factor for increased BMI and body fat 39 . Therefore, lack of adjustment for physical activity becomes one of the principal limitations of the studies analyzed here.
Van Dam et al. 13 were the only authors that adjusted for stable weight maintenance, smoking, and adult BMI. These authors found a linear association linear between BMI and all-cause mortality, and adjusting those variables did not change the direction of the results. Meanwhile, Gunnell et al. 18 found that the association between BMI and mortality was best fitted to a quadratic curve. The authors thus proposed a J-shaped curve to explain the relationship between BMI and mortality. However, variables like smoking and stable weight maintenance were not kept in the model, which raises doubts as to the J-shaped trend. The linear relationship between BMI and mortality, after adjusting for maintenance of stable weight and smoking, is already well known in the literature on adults 5, 40 . For children and adolescents, the scarcity of studies (only one) does not allow corroborating this tendency.
Adjusting for BMI in adulthood is extremely important for verifying the relationship between BMI and mortality in children and adolescents. Fat deposition differs between periods in life. In childhood, fat is deposited more in the lower limbs and buttocks. In adulthood, adipose tissue tends to deposit more in the trunk and abdomen, which is characterized by a high waist-hips ratio and various cardiovascular and metabolic complications 12 . Thus, the highest risk of mortality would be due to obesity in adulthood. However, the confirmation of this model by only one study 15 further raises the need to increase the research to corroborate or refute such a model.
Given the above, the evidence on the increased risk of mortality in adulthood in individuals with overweight or obesity in childhood and adolescence should be viewed with caution, although there is a tendency towards this association in males. The lack of adjustments for potential confounding variables (like physical activity, maintenance of stable weight, smoking, and adult BMI) may jeopardize the model.
In addition, two other potential problems can be identified for such studies: (1) the use of BMI to determine obesity and (2) the use of old samples, in which members of the cohort were born before the mid-20 th century. In relation to the first item, the waist-hips ratio in adults is a better predictor than BMI for cardiovascular disease and mortality 41 . In addition, studies in children have already demonstrated relationships between morbidity indicators and waist circumference 42 and intra-abdominal fat depot 43 . Thus, the use of more accurate measurements of obesity should be a priority for future studies on the association between obesity and mortality in children and adolescents. As for item 2, the fact that such cohorts were born long before the reference population deserves critical attention. In children and adolescents, the increase in prevalence of overweight and obesity has reached alarming rates in the last three decades in both developed and developing countries 44 . Thus, one cannot refute the possibility that the reference may overestimate the cutoff values for diagnosing overweight and obesity in older samples. Studies are thus needed with more recent populations.
Even given all these limitations, obesity in childhood and adolescence should be viewed as a disease with a major public health impact. Various studies have demonstrated that obese children have higher odds of becoming obese adults 45, 46 . Results have also shown the increased risk of children and adolescents with overweight and obesity for developing diseases like high blood pressure 47 , high cholesterol 48 and triglycerides 49 , insulin resistance syndrome 50 , and increased carotid intima-media thickness 51 .
One of the limitations of the current study is not having worked with ages below two years. The decision not to include this age was due to issues like difficulty in determining obesity at this age and the fact that studies on associations between this age and mortality data have focused on discussions concerning the fetal period, birth weight, and maternal morphophysiological aspects 52, 53 , and not obesity. In fact, the studies that have analyzed this age bracket have either not found an association with mortality 54 or have found that the association with mortality is due to catch-up growth rather than obesity at this age 55 .
Thus, one can highlight the scarcity of studies determining the risk of mortality in adulthood in relation to overweight and obesity in childhood and adolescence. There is also a clear need for studies that control for variables like physical activity, smoking, maintenance of stable weight, adult BMI, and puberty. We thus conclude that there is still no clear evidence on the association between childhood and adolescent overweight and obesity and adult mortality. 
